eluate either counted directly or run in sodium dodecyl sulphate (SDS) polyacrylamide gel electrophoresis (15) followed by slicing and counting . In both cases, samples were solubilized in 0 .5 ml Soluene 350 (Packard Instrument Co ., Downers Grove, 111 .) and counted, after addition of 8 ml toluene-based scintillation fluid, in a Packard liquid scintillation counter .
Electronmicroscopy . Mass-harvested colony cells were fixed in suspension in a solution of 2% paraformaldehyde and 2 .5% gluteraldehyde in 0 .08 M sodium cacodylate buffer for 1 h at room temperature, The fixed cells were pelleted, postfixed, dehydrated, and embedded in epoxy resin and then uranium and lead stained . Ultrathin sections were examined using a Philips 300 electron microscope (Philips Electronic Instruments, Mount Vernon, N . Y .) .
Results
In cultures of C57BL lymph node or spleen cells which lacked mercaptoethanol, extensive cell death occurred within hours, and from 24 h onwards such cultures exhibited no dividing cells. Only occasional cells survived and these were phagocytic macrophages.
In sharp contrast, cells cultured in agar medium containing 5 x 10-5 M 2-mercaptoethanol proliferated to form clusters and colonies . This concentration was optimal, and cultures containing 1 x 10-5 M or 10-4 M mercaptoethanol exhibited little proliferation . As in cultures lacking mercaptoethanol, many of the original cultured cells died within the first 24 h. However, between 24 and 48 h, individual cells commenced proliferation to form clusters ofdaughter cells. As shown in Fig. 1 , during the first 4-5 days of incubation there was a progressive increase in the number of cultured cells which commenced proliferation. On Asynchronous onset of proliferation in cultures containing indicated numbers of C57BL mesenteric node cells . Shown are the total number of discrete aggregates of two or more cells at intervals after initiation .
continued incubation many of these clusters increased in size to form colonies of 50 or more cells. Colonies often contained a central region of tightly packed cells and a loose outer mantle of cells, but many were composed entirely of uniformly dispersed cells (Fig. 2) .
In cultures of fewer than 100,000 cells per ml, colonies rarely exceeded 100 cells in size and exhibited extensive cell death before day 7 of incubation . Conversely, in cultures containing 1 x 106 cells, colonies reached 200-800 cells by day 7, and cell death usually did not occur until after day 7. The maximum colony size observed in medium containing only mercaptoethanol was 2,000 cells at day 10 of incubation . Mitotic indices were highest early in the incubation period (3% at day 4), but fell to 1% or lower by day 7 of incubation . At all stages in the incubation period and size of colonies was markedly heterogeneous, and clusters of fewer than 50 cells outnumbered colonies by five to one .
In Giemsa-stained preparations day 4 colonies were composed of a uniform population of very large mononuclear cells with bulky, intensely basophilic, cytoplasm (Fig. 3) . However, colonies from cultures incubated for 5-9 days contained cells ofvariable size . Some were as small as 7-10 Am in diameter and had the appearance of immature plasma cells with an excentric nucleus, basophilic cytoplasm, and prominent Golgi region (Fig. 3) . Less commonly, cells had the morphology of small or medium lymphocytes. Classical mature plasma cells or small lymphocytes with eosinophilic cytoplasm were not observed . In some cells from colonies in which cell death was commencing, the nucleus was divided into lobes by deep clefts, giving the nucleus a clover leafappearance (Fig . 3 c) .
In the electronmicroscope, the majority of 5D colony cells had the general morphology of lymphoid cells. These included a small proportion of typical small lymphocytes having a round nucleus and sparse cytoplasm containing few organelles . Large blast-like cells with voluminous cytoplasm, many polyribosomes, a few cisternae of rough-surfaced endoplasmic reticulum (RER), and a nucleus with a prominent nucleolus were common (Fig . 4 a) . Also seen were cells with the morphology of early plasma cells. These ranged from cells that resembled the blasts in overall structure, except for their greater content of RER (Fig.  4 b) , to cells with the structure of typical immature plasma cells. These latter cells (Fig . 4 c) had extensive cytoplasm containing numerous flattened cisternae of RER, a few polyribosomes (Fig . 4 d) , and a large Golgi'zone (Fig. 4 c) . The nucleus of these latter cells was large, often excentric, and contained a prominent nucleolus. C-type virus particles were present in colony cells but were rare .
Effect of Red Cells and other Additives on Colony Formation . In cultures containing progressively fewer lymph node or spleen cells it was observed that the incidence of clusters or colonies was not linear with respect to the number of cells cultured (Fig. 5) . Some improvement in linearity of colony and cluster formation was observed after the addition of 1 x 106 thymus cells or 1 x 106 preirradiated spleen cells (2,000 rad) to cultures containing from 20,000 to 200,000 lymph node cells.
As shown in Fig. 6 , addition of 0.1 ml of 5% washed sheep red cells markedly enhanced colony and cluster formation when low cell numbers were cultured. Colony and cluster formation were relatively linear with cell doses from 1 x 103 to 1 x 106 cultured cells. Colony growth rates were also enhanced by the addition of red cells, and colonies containing up to 3,000 cells were observed . This growth enhancement was more obvious when small numbers ofcells were cultured, and colony size in such cultures was essentially similar to that in cultures containing 1 x 106 cells. Potentiation of colony formation was stronger with 10% sheep red cells, although 0.5 ml of 3% acetic acid had to be added to the cultures to lyse the red cells before colony counting was possible . In the absence of mercaptoethanol, sheep red cells were unable to stimulate cell proliferation.
Frequency of Colony-Forming Cells . A survey of the incidence of colonyforming cells in C57BL organs was carried out using cultures supplemented by mercaptoethanol and 0 .1 ml of 10% sheep red cells. All cultures contained only 25,000 nucleated cells to permit more accurate colony counts . Use of this low number of cultured cells also prevented the formation of granulocytic and macrophage cluster and colony formation in cultures of bone marrow cells due to mercaptoethanol-stimulated production of colony-stimulating factor (CSF) by marrow lymphocytes (5) . The frequency of colony-forming cells varied between 1 in 50 and 1 in 200 cells in both spleen and lymph nodes (Table I) , but the frequency of colony-forming cells in the thymus was extremely low. The incidence of colony-forming cells in bone marrow populations was consistently lower than in lymphoid organs . High levels of colony-forming cells were observed in both the blood and thoracic duct lymph. Significant numbers of colony-forming cells were present in both peritoneal and pleural cavity cells.
Membrane Characteristics of Colony Cells . Analysis of mass-harvested colony cells from cultures of spleen or lymph node cells (Table II) The presence of membrane immunoglobulin was examined using anti-p ., antia, anti-y, and anti -y2 sera on colony cells mass harvested from 7-day cultures of C57BL mesenteric node or Peyer's patch cells. The results (Table III) indicated that 61-69% of cells reacted with anti-p,-sera and 4-11% with anti-y 2 -sera. Although a few reactive cells were noted with anti-a and anti-y,-sera, the numbers were too low to assess the significance of this observation. In this context it was notable that Peyer's patch-derived cells did not exhibit an unusual incidence of positive cells with anti-a-serum . The pattern of reactivity ofcolony cells was very similar to that ofadult spleen cells, with the exception of a relative deficiency in a-bearing cells. Negative control cells in these experiments were adult thymus cells and pooled 7-day bone marrow-derived neutrophil and macrophage colony cells (2/443 positive). As a positive control, cells from the IgG2-bearing 2PK3 lymphoma were used, and 194/220 (88%) of these cells were found to be reactive using the anti-y 2-serum .
The median intensity of staining of colony cells with anti-p.-sera was less than that for spleen B lymphocytes. Capping was observed with 70% of colony cells when incubated in the presence of these antisera at 37°C, and pinocytosis of fluorescein-conjugated anti-A appeared to be particularly rapid. Although the staining with the snit-y 2-sera was unequivocal, the intensity of this staining was consistently less than with the anti-W-sera. Spleen cells from various strains of mice were cultured in the presence of mercaptoethanol and added sheep red cells. At 5 days mass-harvested colony cells showed the following reactivity with anti-y2-serum : C57BL, 10% ; BALB/c, 6% ; SJL, 14%; nu/nu, 6%; NZB, 3%; CBA, 5%. Thus spleen cells from a number of strains generated colonies with a generally similar percentage of y2 -positive cells . It was noteworthy that nu/nu cells (from congenitally athymic mice) were able to generate y2 -positive cells in the probable absence of significant numbers of T lymphocytes .
Antigen-Binding by Colony Cells . Cultures were prepared of 30-50,000 CBA spleen cells per dish in agar medium containing 5 x 10-s M mercaptoethanol and 0.1 ml of 10% sheep red cells. Three types ofspleen cells from unprimed CBA mice were used : (a) unfractionated cells, (b) adherent cells bound to NIP-gelatin (Table IV) A total of 157 cells was examined from 16 colonies, and the results indicated that 107 (68%) were negative and 50 (32%) were NIP binding . Ofthe NIP-binding cells, 26% were strongly fluorescent . Analysis of individual colonies (Table V) indicated that there was a distinctly greater homogeneity within individual colonies than for the whole population . This homogeneity was also evident from the strength of fluorescence of individual cells within a single colony, e.g., colonies 10, 12, and 15 vs. colonies 8 and 13. 103 of the 107 negative cells came from 11 colonies that in total had only one fluorescent cell. In contrast, 45 of the § This colony was further tested . Against y-1 it gave one negative and four moderate; against a it gave one neg. five mod, and one strong ; against a sheep antirabbit globulin, nonabsorbed, it gave 4 moderate. Against a nonabsorbed rabbit antigoat globulin it gave four strong . The questions of cross-reactivity and Fc receptors have not yet been resolved . 11 This colony gave four negative cells with anti-a but one faint positive . With anti-y, it gave four pos. (moderate) and three neg. In view of the very definite anti-y, activity (the most definite we have had) and the exceptionally strong anti-IL, cross-reactions cannot be excluded .
synthesize and secrete immunoglobulin was demonstrated in short-term studies on the incorporation of [3H]leucine. The amounts of [3 H]leucine-labeled secreted material bound to the anti-immunoglobulin immunoadsorbant are shown in Table VII . Cells mass harvested from agar colonies, as well as established plasmacytomas, regularly secreted measurable amounts of immunoglobulin . It is concluded that these colonies are composed of B-lymphoid cells, the majority of which appear to differentiate, if incompletely, in the plasma cell pathway rather than towards small lymphocytes. As is true of other hemopoietic colonies grown in vitro, differentiation was incomplete compared with that occurring in vivo (1, 4, 5) .
The evidence, so far, strongly indicates that colonies are clones derived from single-forming cells. Colonies grown from spleen cell suspensions enriched for NIP-binding cells contained a corresponding proportion of NIP-binding cells, and individual colonies were composed of either NIP-binding or nonbinding cells. There was also a notable homogeneity between cells from individual colonies in the avidity of such binding. Further evidence for the clonality of colonies was obtained from an analysis of membrane immunoglobulin . Where colony cells exhibited reactivity with anti-y 2 -serum, all cells from that colony appeared to exhibit similar reactivity. Analysis of cells from early versus late colonies failed to document a switch in membrane immunoglobulin from IgM to IgG, since y2 -positive cells could be found in early colonies and such cells at all stages were also p-positive .
The present lymphocyte colony system appears to differ from all other hemopoietic colony-forming systems in vitro in not requiring a specific macromolecule for cellular proliferation. It may be that mercaptoethanol substitutes for such a specific macromolecule or alternatively mercaptoethanol may actually induce the production of a specific macromolecule by other cells in the culture dish . In this context it should be noted that mercaptoethanol has been shown to induce the production by mouse lymphoid cells of large amounts of CSF and the specific factors required for growth in vitro of eosinophilic and megakaryocytic cells (5) .
While there is need to determine the capacity of B-lymphoid colony cells to secrete antibody and to characterize their properties on reinjection in vivo, the present cloning system offers a powerful new tool for analysing B-lymphoid populations which should have many uses in investigating regulatory factors controlling the response of this population to antigenic stimulation.
Summary
In semisolid agar cultures containing mercaptoethanol, cells from the spleen, lymph nodes, marrow, peritoneal cavity, thoracic duct, and blood of normal mice generated clusters and colonies ofup to 3,000 cells. Colony numbers and growth were markedly enhanced by the addition of sheep red cells. The frequency of colony-forming cells in the spleen or lymph nodes was 0.5-2 .0%, and clusterforming cells were approximately five times more numerous. The mononuclear cells comprising these colonies had the electronmicroscopic morphology ofimmature lymphoid and plasma cells. 
